In today's intensely competitive world, many firms have developed applications of information technology (IT) that provide a significant global competitive advantage. Most evidence of such IT use is anecdotal; the global competitive impact of IT has not been studied from a rigorous theory building or empirical perspective. This article reports progress toward the development of a model (called GLITS) to measure the strategic global impact of IT on an international firm. The underpinnings of the model are based on domestic and international literature; and it has undergone extensive refinement through statistical evaluation and validation. The model and its accompanying instrument can be used to identify specific strategic IT factors for a company and a contingency analysis can be conducted to determine the importance of various factors based on organizational characteristics. This foundational model should have significant utility for both practitioners and researchers. Keywords: Global information technology; IS Instrument; Strategic information systems; Competitive advantage; International information systems; Reliability and validity
The second stream of research relevant to the GUTS model pertains to international IS. This stream of research is relatively new and exploratory, and is currently largely devoted to identifying fundamental issues. For example, Deans et al. [14] identified the key international IS issues of U.S.-based multinational corporations. Ives and Jarvenpaa [211 explored the issues in managing global information technology and identified the business drivers for global IT, that included both operational and strategic variables. Manheim [31] discussed global IT issues and strategic opportunities due to technology. Porter [45] described competitive forces and general business strategies in international business. Recently some authors have proposed frameworks for global IT: for example, King and Sethi [26] provided a framework for the study of various issues associated with transnational systems, and Alavi and Young [1] , and Jarvenpaa and Ives [24] proposed frameworks to align global IT structure and strategy with international business strategy. Simon and Grover [51] examined the strategic use of IT in international business using an integration-responsiveness framework. Finally, several studies have appeared discussing IT issues in specific countries/regions (e.g. [12, 18, 40, 43, 50, 53] ).
General information about international IT issues can be found in some recent books. In 1992, books by Deans and Kane [13] , and Roche [49] provided an introductory summary of the subject. Two edited books by Palvia et al. [44] , and by Bradley et al. [8] , were collections of chapters written by several authors dealing with specific aspects of global IT. Very recently, Palvia et al. [41] have provided an edited collection of chapters dealing with contemporary issues. In most of the cited literature, it is worthwhile to note that many of the strategic issues overlap or extend domestic strategic concerns.
Once again, the international IT writings, frameworks or exploratory findings have neither been developed into explanatory models nor been validated. However, the ground work has been laid for such an undertaking. The domestic strategic and the international MIS literature combined together provide the basic building blocks for developing an initial GLITS model.
The GLITS construct development
In order to generate global organizational factors that IT may impact, the literature was carefully reviewed. As the literature was segmented into two streams, the construct development generally followed these same two streams. It should be noted, however, that a few variables generated from the international case were found to be equally applicable to the domestic case and have therefore been listed under the domestic heading.
Variables from the domestic SIS literature
The domestic SIS literature provides many variables that are also applicable at the global level. These can be grouped into organizational, and industrial levels. Examples of organizational variables include new entrants, entry barriers, customers, competitors, suppliers, etc. Examples of industrial variables include products and services, economies of production, and pricing. Mahmood and Soon's model captured twelve such variables in the preliminary model; they reduced them to ten in the final mode1. 2 We used Mahmood and Soon's preliminary model as the starting point. However, the literature was further culled to extract additional domestic variables and thus augment those identified by Mahmood and Soon. This was because our study was intended to develop an entirely new model/instrument for IT in the global context, and also because Mahmood and Soon's study was only an exploratory one.
The variables used from the domestic SIS literature are listed in Table 1 . All twelve from Mahmood and Soon's preliminary model are included. In addition, five more were identified as applicable in the domestic context. These are: economies of scope, business risk reduction, downsizing and outsourcing, learning curve and knowledge transfer, and flexible operations. Economies of scope are obtainable from the synergistic benefits gained through multilateral exchange of resources, competencies, and know-how among organizational units or divisions [52] . IT can be used to reduce business, market and technical risks [37] . Further, IT permits the rapid acquisition and transfer of knowledge 117, 28]. IT can also provide the requisite flexibility in locating and relocating operations and in scheduling manufacturing operations [7] . Finally, IT provides an organization the opportunity to downsize the IT function as well as other functions profitably, and outsource its activities [29, 32] .
It is worth emphasizing that all these variables are in the global context, which puts them in a somewhat different perspective from the original domestic variables.
Variables from the global IT literature
Many variables from the global IT literature duplicate the domestic variables; therefore we do not repeat them. Only the new variables unique to the international environment are included. These typically exploit the location or country-specific comparative advantage that can be obtained by conducting business worldwide [27] . For example, a firm can gain a strategic cost advantage by locating its operations in a country with low labor costs. In the same vein, it can profitably exploit strategic targets in its value chain. Different countries and regions in the world have inherent advantages and disadvantages in their endowed resources and developmental infrastructure, and these can be used to the firm's advantage. Value chain activities can now be located in different parts of the world. The following quote [44] succinctly demonstrates this trend:
In today's shrinking world, in order to achieve and sustain a competitive advantage, a multinational corporation may have to buy raw materials from one country, use finances from another country, procure human resources from yet another country, and sell the finished products wherever possible... information technology has been a key factor in propelling and accelerating the globalization of businesses.
Specific examples of globalization in which IT has played a major role include foreign outsourcing of software, production of microprocessor chips, and development of new markets in Eastern Europe.
Six new variables were identified from the global literature (see Table 2 ). Worldwide resources were divided into two categories: physical resources and human resources, as each is worthy of study in and of itself. Two additional variables deal with the unique and sometimes formidable country and government requirements, which can substantially impede (or sometimes facilitate!) a firm's entry into a foreign market. IT can be used successfully to address such requirements. The variable 'time zone' refers to the different time zones in which countries operate: time differences present obstacles in conducting business, as well as make it possible for the organization to run operations during all 24 hours of the day [33] .
Technology Variables
In addition to variables from the domestic SIS literature and the global IT literature, there are some that cut across both. Closer examination revealed that these variables are related to the unique advantages IT can provide in almost any domain of business activity. These technology variables are shown in Table 3 . For example, a fundamental purpose of IT is to improve coordination among business units, and facilitate integration. While these aspects may seem somewhat mundane and be taken for granted in a domestic environment, they assume special significance in the international context. By the same token, responsive global systems and special purpose IS provide competitive advantages that were previously inconceivable. For example, the provision of online international databases and global executive support systems are providing powerful business tools to international executives.
A final comment about the variables. In the preliminary construct, there could be overlap and redundancy among the variables. However, they provide a starting point for model building. Moreover, redundancy minimizes the possibility of exclusion of key variables, thus providing greater comprehensiveness. Redundant variables were eliminated during the analysis process.
The research process
The preliminary model was used for generating the GLITS instrument. Later, during the analysis process, variables were combined, eliminated, and modified. The various steps of the research process can be grouped into two major stages.
Preliminary instrument and pilot study
1. The literature on competitive aspects and international applications of IT was used to generate items for the first draft of the GLITS instrument. This extensive review provided 255 specific items under 27 categories (also called variables or factors, as listed in Tables 1,2 and 3 ). An additional category called 'Overall impact of IT on global competitiveness' was created and 6 items were included in it. This category is especially useful in instrument refinement and validation. Besides the instrument items, several demographic items were included in the questionnaire in order to be able to conduct detailed analyses. The questionnaire at this stage was quite long.
It became apparent that the instrument, while comprehensive, was too long to be likely to generate any reasonable response rate in a survey. It was clear that the objectives of `comprehensiveness' and 'research implementation' were conflicting. A conscious decision was made not to curtail the scope of the model/instrument (i.e. not arbitrarily reducing the factors), and that any reduction in size was to be achieved by removing specific items within a factor.
2.
A self-examination by the researchers for redundant, duplicate, or marginal items led to the reduction of the instrument to 209 items in 24 categories, plus the overall category with 6 items. Changes made included merging the 'new entrants' category with 'entry barriers,' merging 'searching and switching costs' with 'buyers and customers,' and combining 'government requirements' and 'country requirements' into one category.
3.
The instrument was pilot-tested in two stages. In the first stage, the instrument was given to several faculty members and graduate students for completion and asking for suggestions for changes, improvements, and reductions. Many items were removed, combined, moved from one category to another, reworded, and so on. 'The instrument after this stage had 156 items in 24 categories, plus the overall category with 6 items.
4. In the second stage, five senior MIS executives of large companies were requested to provide detailed feedback on the instrument. The instrument was once again revised as a result. This instrument had 129 items in 23 categories, plus 5 items in the overall category. The main change was that items in the 'responsiveness' category were absorbed by other categories, and the 'responsiveness' category was eliminated. This preliminary instrument was packaged as a questionnaire along with questions on demographics and characteristics of responding firms. This questionnaire was used in the full study and for final refinement of the instrument. 
Full study
The final questionnaire was administered to 213 companies in a large tri-state metropolitan area of the United States. These companies were engaged in international business as reported in a published report; in fact 'international activity' was the company selection criterion. The questionnaire was sent to a senior executive, and if possible to an executive responsible for international business operations. Eleven questionnaires were returned as either undeliverable or because the companies no longer had international activity, in effect reducing the target sample size to 202 companies. After a three week wait, a written and telephone follow-up was conducted to increase the response rate.
A total of 36 responses were received providing a response rate of 18%. While a higher response rate4 is desirable in any research endeavor, this response rate is reasonable, given the comprehensiveness and length of the instrument. Moreover, for quantitative analysis, samples in excess of 30 are considered adequate for most exploratory research 1201 In spite of this, some readers may be concerned about the significance of the results due to the small sample. The following reasons explain further the rationale for the small sample.
1. The expected sample size was about 50. However, two factors may explain the lower response. One is the length and comprehensiveness of the instrument; arbitrary reduction of the instrument would have defeated its purpose. Second, we asked that senior strategic international managers respond to the questionnaire; such managers are not readily available.
Analysis and results
The analysis was conducted in several stages. First, the reliability of the whole instrument as well as each variable was computed. Next, the construct validity of each item was assessed in relation to the overall construct, and items were eliminated on this basis. Items were further subjected to validity, based on their relationships to their own underlying variables. Next, items were retained and eliminated based on the criterion of optimizing the reliability of each variable. Items were then examined for convergent and discriminant validity. In the end, the final set of items was evaluated one more time for overall reliability and individual variable reliabilities.
Each variable of the instrument was given a two letter code for easy reference (see codes in Table 4 ). The number of items within each variable is also listed in Table 4 . Each item is labeled by its variable code, followed by a sequential number. While the initial instrument is not included for space reasons, the final instrument is included in Appendix A. Those items in the initial instrument that were eliminated from the final instrument will be listed, along with the phase in which they were eliminated.
Initial reliability
The internal consistency method was used to verify model reliability. Cronbach's α [11] was computed for the entire model as well as for each of the multi-item variables. The reliability coefficient for the 129-item instrument (i.e. not including the 5 overall items) was quite high at 0.990. The reliability coefficients of the individual variables, as shown in Table 4 , range between 0.820 and 0.949. These scores are high enough to warrant further validity investigation. Sub-sequent validity analysis was aimed at making the instrument compact by eliminating redundant items, while maintaining high reliability.
Overall construct validity
The validity of each of the 129 items was examined in relation to the overall construct. The following two methods were employed.
Correlation with corrected item total
In this method, the correlation of each item to the total item score was examined. Each item was actually correlated with the total score minus the item score in order to avoid a spurious part-whole correlation [10] . An item was eliminated if its correlation with the corrected-item total is less than 0.44. There are no accepted 'absolute' standards for the cutoffs; the choice is based on judgment, p values, the purpose of the study, and prior studies. For our sample, the correlation cutoff of 0.44 retains only those items that are significantly correlated to the total at a p value of less than 0.01. Note that a low p value increases the strength of the test, a characteristic especially desirable with a small sample size. Also note that this cutoff is comparable to those used by other MIS researchers (e.g. [15, 23, 301) in instrument preparation.
The following five items were eliminated from the instrument. The instrument then had 124 items. Two of these relate directly to the use of IT for globalization; the other three were included for purposes outside the scope of this paper. The two items: °Al and 0A2 measured the overall impact of IT on international business and their sum was used as the criterion scale. The correlation coefficient between each item and the two-item criterion scale provided a measure of criterion-related validity. Items were retained if correlations were significant at the 0.01 significance level, others were eliminated. For this p value, the correlation cutoff point is 0. Alleviates barriers due to cultural differences between countries. and country requirements Note that one category ( 'Economies of scale') was completely eliminated. Two categories had only one item left in them, that is, 'Entry barriers' and 'Pricing.' While single item variables can be legitimate, they were examined further to see if they could be logically grouped under another variable so that each variable would have multiple items. It seemed natural to include the item EB1 (Raises the barrier to competitor entry into new products/services through investments in complex software and hardware), presently under 'Entry barrier', into the 'Competitive rivalry' category, and giving it a new code name CR6. By the same token, the item PR5 (Manages change in organization's pricing strategy), presently under the 'Pricing' category, was moved to the 'Market' category with a new code name MK11.
With these item deletions and changes, the instrument had 90 items in 20 categories plus 2 items in the overall category; that is, it became a 90 + 2-item instrument.
Item-variable correlation
The item-variable correlation of an item is derived by computing the item's correlation with the corrected total of all the items in the item's category (i.e. the variable it represents). The purpose is to retain only the significantly correlated items within each group. Items were to be removed from the group if this correlation was less than 0.44 (p value > 0.01). Based on this criterion, none of the items from any of the groups was removed, and it remained a 90 + 2-item instrument.
This instrument is fairly good in terms of overall reliability and individual variable reliabilities. However, its length may still seem excessive for some organizations, in terms of its practicality. In order to reduce the size of the instrument further, more tests were undertaken. While all subsequent analyses are reported for the purpose of generating a smaller instrument, we emphasize that an organization may elect to use the larger 90 + 2 version and obtain more detailed information.
Optimal variable reliabilities
Each variable and the items within it were further investigated to maximize the reliability coefficient of the variable as well as eliminate redundant items within it. In Mahmood and Soon's method, items within a variable are arranged in descending rank order by the correlation between the item and the corrected item total. A reliability coefficient is then computed for the first two items in the ranked list (i.e. the two items with the highest and next-highest correlation). The next item in the ranked list is then included in the reliability coefficient computation. This procedure is continued until all the items within the variable are included in the computation.
The sequence of reliability coefficients generated in this manner was plotted on a graph 5 for each variable. The objective is to select the highest reliability coefficient for each variable. Different patterns of graphs are possible. The central idea is that the highest reliability coefficient can be achieved with fewer items than all the items contained in the variable. We superimposed another criterion on top of this: the pairwise correlations between items within a variable should also be significant in order to ensure variable purity.
Using these two criteria, 20 additional items were excluded from the model. All pairwise correlations are then significant at the 0.05 level for all variables with the exception of the variable 'Customers.' The 'Customers' variable therefore required further analysis. For this variable, the highest items on the ranked correlation list were CS4 and CS8. The reliability coefficient increased with the addition of CS9 and CS2, but then decreased with the addition of CS3. It subsequently increased with the addition of CS1 and CS5. Examination of the correlation matrix indicated that several correlations were significant. Items that were the least correlated pairwise were: CS1, CS3, and CS5. Their elimination led to all correlations being significant. The effect on the reliability coefficient was only a slight reduction. With the exclusion of these three items, a total of 23 items were eliminated, as listed below. The resulting instrument had 67 + 2 items. Allows coordination of business activities worldwide.
Coordination CD4 Provides control of logistics/ distribution activities.
Coordination CD5 Allows responsiveness to specific needs of other countries.
Information IS3 Provides rapid worldwide access to company databases and systems information.
Information IS4 Provides rapid worldwide access to external databases and systems information.
Convergent and discriminant validity
The multitrait-multimethod matrix (MTMM) approach [9] was applied to evaluate the convergent and discriminant validity of the mode1. 6 Convergent validity determines whether correlations between measures of the same group are higher than zero and large enough to proceed with discriminant validity analysis. In the present case, for every single variable, the correlations in the validity diagonal (i.e. items of the same variable) are higher than zero. Of the total 111 correlations between items within the variables, 109 were significant at the 0.01 level, the other two were significant at the 0. In the MTMM approach, discriminant validity for each item is tested by counting the number of times (k) an item correlates higher with items of other variables than with items of its own variable. For example, the lowest own-variable correlation for CR2 is 0.608, and only 2 of the 63 correlations of CR2 with items of other variables are greater than 0.608, that is, the number of violations k = 2. Campbell and Fiske suggest that for discriminant validity, the number of violations should be less than 50% of the potential comparisons. We retain the items where violations are less than 50% according to this criterion, and reject items where violations are greater than 60%. We treat items in the 50-60% violation range as borderline and retain them because they have undergone extensive reliability and construct validation in previous steps to merit inclusion and perhaps more importantly, because it is desirable to include at least two items per variable; this criterion allows us to retain at least two items in each variable. With these deletions, the following nine items were eliminated:
Helps serve a customer who is traveling from one country to another.
Market

MK4
Enhances sales forecast accuracy.
Market
MK6
Facilitates distribution channels for the product worldwide.
Market
MK7
Quickly obtains local market knowledge of the host country.
Market
MK9
Provides assistance/flexibility in the choice of worldwide markets.
Products PS1 Provides opportunities for products/ services innovation. and services
Integration IG2
Helps build an integrated worldwide operations/ manufacturing network.
Integration IG4 Provides integrated one-stop services to the customers.
Integration IG5 Permits formation of integrated design teams that include design, engineering, and manufacturing.
Having conducted convergent and discriminant validity analysis, the instrument is 'final'. 7 It consists of 58 specific items contained in 20 variables, and 2 overall items. The final instrument is included in Appendix A. Table 5 shows the reliability of the 58-item final instrument, and reliability coefficients for all 20 variables. Compared to the initial instrument, reliabilities of 10 variables have increased, reliabilities of three variables have remained the same, and reliabilities of seven variables have decreased. However, the reliability of the entire instrument is remarkably high (0.987) and has remained practically the same as that of the initial instrument. The overall instrument is highly reliable, despite a 55% reduction from its initial size. Even the individual variables exhibit high levels of reliability. Nunnally [38] has suggested a minimum reliability of 0.80 for basic research and 0.90 for applied research. Except for the variable 'customers,' all other variables have adequate reliabilities. The 'customers' reliability is 0.77, which is a considerable improvement over 0.67 that Mahmood and Soon could achieve.
Final reliability analysis for each variable
We believe that the 58-item instrument, having undergone extensive evaluation and validation, represents significant progress toward the development of a standard instrument for measuring the strategic impact of IT at a global level. Moreover, the instrument is both comprehensive and precise. Nevertheless, we would encourage other researchers to continue to enhance the model.
A comprehensive model for global and strategic
Impact of information technology
Based on previous analysis, a comprehensive model for measuring the global and strategic impact of IT on an organization is presented in Figure 1 ; the accompanying instrument is furnished in Appendix A. The validated model consists of 20 variables, which in turn are made up of 58 specific items. There are two additional overall items. Some comments are in order about the model. First, the model/instrument is more comprehensive than Mahmood and Soon's model. They had 10 variables; we have 20. This was not unexpected as we were extending the model to global firms. As pointed out by Emery [16] , in today's world, the global organization is the norm and the domestic firm is a special case. The GLITS model therefore has current relevance for multinational organizations and has potential future relevance for organizations seeking to be global. There are many variables in the model that are especially meaningful in the international context only; for example, physical resources, country requirements, human resources, flexible operations, time zones, and knowledge transfer. Even the traditionally domestic variables assume a different significance when viewed from a global perspective. This is not to say that the model is not applicable to domestic firms. In fact, the model and the relevant variables for domestic firms are a subset of the complete model, and these variables can be extracted easily by simple examination. Most of the variables (seven of ten) reported by Mahmood and Soon in their domestic model have been retained. The ones not included are: search and switching costs, pricing, and economies of production. Items related to search and switching costs, while not retained in the final model, can be at least considered to be some part of the 'customers' variable. By the same token, 'pricing' can be considered to be part of the 'market' variable. Presumably, 'economies of production' was not included, because it refers largely to the operational and efficiency aspects of IT and not strategic aspects.
What is especially noteworthy about the new model is its comprehensiveness, as evidenced by the provision of several additional variables that can be used even in the domestic context. The additional variables in the domestic context include: economies of scope, downsizing and outsourcing, alliance and growth, coordination, and integration. In order to use the instrument in the domestic context, we recommend that items that are strictly international simply be eliminated. In essence, then, one model/instrument can serve the needs of any organization.
Applications and conclusions
This article has extended the previous work on the strategic impact of IT in a single-country domestic setting to a global environment. A model has been developed based on the identification of a large number of variables and specific items from the literature.
The model was carefully crafted using extensive evaluation and validation procedures. While there will always be potential for improvement, the current work signifies major progress toward the creation of a standard IT impact measurement model and instrument.
The model has practical as well as theoretical and research applications. Applications are described in detail in Ref. [39] . In terms of practical applications, a validated model provides an important tool for asses-sing the role of IT in the global competitiveness of a firm. By taking an inventory of the items contained in the instrument, a firm can determine whether IT can be used at an international level for financial gain or competitive advantage, or for preventing the firm from sliding into competitive disadvantage. In addition, if the firm wishes to capitalize on specific impacts of IT, it can measure specific variables; for example, customers, products or services, resources, flexible operations, etc. Another practical application for an organization is to evaluate itself against industry practices. If the instrument is administered periodically to a representative cross-section of companies and the results made public, then this information can be used by a company to assess its relative position and take necessary corrective actions.
Several research endeavors may be based on this work. One is to continue to refine the model and instrument. Another would be to conduct a detailed examination of the specific variables. It may turn out that some variables are more meaningful for certain firms or industries, and further insights into these may be of interest. For example, if the variable: 'down-sizing and outsourcing' is identified as an important factor for several firms, specific hypotheses related to it may be formulated and tested. An illustration of such a hypothesis may be that 'IT related global outsourcing is facilitated by heavy investments in telecommunications technology'. Another area for research would be to investigate the relationship between actual organizational strategic performance and IT competitive impact. The corroboration of a positive relationship between the two should encourage higher IT investment.
Finally, we recommend that a contingency analysis of the impact variables be undertaken. What are the contingency factors which drive the impact of each variable, and what is the amount of the impact? Some possible factors are: global organizational structure [5] , business strategy [36] , industry, firm size, and country culture [19] . The knowledge of these factors and their effects could have enormous consequences for conducting business in the global economy of today and tomorrow. 
Appendix
Notes:
1The terms 'global' and 'international' are used in this article in a generic sense. A global or international firm is involved in some type of international business (IB) activity, for example, it may have international customers, international operations, etc. By contrast,1B researchers have labeled international companies differently based on the type of activity and organizational structure (e.g. [5, 13] ). 2The two variables eliminated were: New Entrants, and Entry Barriers. 3Space considerations do not permit the inclusion of the full questionnaire. Specific parts will be included and discussed as necessary. The final 58-item instrument is included in Appendix A. 4Note that the Mahmood and Soon study that is being extended here is based on responses from 31 executives. 5Graphs are not included due to space limitations. Readers, if interested in the graphs, may contact the author. 6The correlation matrix between all items was the basis for conducting the MTMM analysis. The correlation matrix is too large to include here. Once again, the interested reader is referred to the author. 7The instrument is 'final' based on investigation and analysis to date. In a purist sense, an instrument is never final and is subject to further validation and refinement based on new evidence.
